Purpose: To study the additional effects of lumbar core stability on knee pain, range of motion and function post ACL reconstruction. Methods: An experimental comparative study was undertaken at a tertiary orthopaedic and rehabilitation centre with a total of 60 patients with ACL reconstruction, randomly allotted into two groups. Both groups were given institutional rehabilitation protocol; and additional lumbar core stability exercise programme was given to experimental group. Intervention period was 4 weeks. Pain on VAS, range of motion (ROM) and function using Modified Lysholm Scoring Scale (MLSS) and Tegner Activity Level (TAL) were the outcome measures. J o u rn a l h o m e p a g e s : w w w . e -j o t r . c o m & w w w . e j o t r . o r g http://dx.
Introduction
Knee joint injuries are common in daily life as well as in sports. Pain, instability, swelling, difficulty in climbing stairs, etc. could be the consequences of damage to anterior cruciate ligament (ACL) and related structures. 1e3 Generally, arthroscopic reconstruction is performed either by hamstring tendon graft or bone patellar bone tendon graft. Postsurgical rehabilitation focuses on reducing the pain, swelling, stiffness, instability, regaining full range of motion (ROM), strength, and normal functional activities. 3, 4 Various rehabilitation protocols post anterior cruciate ligament reconstruction (ACLR) have been studied, which emphasise on open versus closed chain exercises, early versus delayed weight bearing status, use of brace post operatively, accelerated versus nonaccelerated rehabilitation, supervised versus unsupervised rehabilitation along with strength training, balance training, and criteria for return to play. 5e8 "Lumbar core", also known as the lumbo-pelvic-hip complex, comprising muscular boundaries in three-dimensional space, produces a corset-like stabilisation of the trunk and spine. 9 It acts as a connecting medium and force transferor between the upper and the lower limbs. 10 Therefore, stability of this core is vital for such a force transfer.
Core stability and strengthening is increasingly gaining importance in the sports rehabilitation and fitness sector. 11 It is not only incorporated for strengthening and optimising performance but has also gained importance in injury prevention. 8, 11 Core stability demonstrates a negative correlation with the incidence of ACL injury. 12 To accelerate recovery, core exercises should be made an integral part of ACL rehabilitation. 12 However, there are few studies stating the effect of core stability on various functional impairments, such as ROM and pain, and activity limitation following ACLR. Incorporation of lumbar core stability exercise programme to the ACL rehabilitation protocol was undertaken to know its additional effects.
Methods
A single-blinded (all the outcome measurements were undertaken by another research physiotherapist blinded to treatment allocation), randomised controlled trial was undertaken. Subjects with ACLR with or without medial and/or lateral partial meniscal excision and/or trephination were equally allotted to each group (Table 1) by stratified random sampling using chit method. Ethical approval was obtained from the Institutional Review Board. All subjects gave informed consent before participation.
The sample size for this study was calculated using a margin of error of 0.178 on a type 1 error of 0.05 and power of 0.08. 13 
Participants
Male or female participants, in the age range 20e40 years, who had undergone ACLR were included in the study. All the participants were operated as per the institutional surgical protocol using the 4-fold hamstring tendon auto-graft harvested from the limb to be operated. Participants with associated fracture, history of previous knee surgery and fracture, dislocation, acute infection, and other conditions like lumbar radiculopathy, neurological conditions, such as upper motor neuron lesions and previous nerve injury of lower limbs, were excluded.
Outcome measures
Pain, ROM, and function were the outcome measures selected for this study. Pain was measured using the visual analogue scale (VAS). 14, 15 ROM was measured in degrees using the mobile goniometer application named Goniometer Records. 16 This application was validated for android and iPhone devices. 17 In this study, an iPhone device was used to measure the ROM. Function was measured using the modified Lysholm scoring scale (MLSS) and Tegner activity level (TAL). 18, 19 Intervention Participants of the experimental group were assessed for lumbopelvic stability using the Stabilizer Pressure Biofeedback Unit (Chattanooga Group Inc. of DJO Global, Guildford Surrey, United Kingdom) by doing the progressive leg loading test emphasising on abdominals ( Table 2 ). 20e23 For this, the pressure biofeedback unit cuff was placed under the lumbar spine, participants were asked to obtain the neutral pelvic tilt position in modified crook lying position (operated leg straight in the long knee brace and unoperated leg bent at 40 of hip flexion and 80 of knee flexion), and the cuff was inflated to 40 mmHg. 20 The participants were then asked to perform drawing in manoeuvre and hold it for 10 seconds allowing a rise of > 2 mmHg (up to 10 mmHg). The core stability level was checked thrice with a rest period of 2 minutes in between.
The level of core that the participants obtained was followed as the treatment protocol for the 1 st week as one set of 10 repetitions of 10 seconds hold, twice daily for 6 days a week. A weekly progression in the level of limb loading was made from 2 nd through 4 th week. From the 2 nd week, treatment protocol was given as three sets of 10 repetitions of 10 seconds hold, twice daily for 6 days.
Both the groups received the institutional conventional rehabilitation exercises (Table 3) ; the experimental group additionally received the lumbar core stability exercise programme ( Table 2 ). The participants in both the groups received standard medication and rehabilitation protocol during the hospital stay. The rehabilitation protocol was thoroughly explained and demonstrated to the participants and to their family members. It was followed by all the participants of both the groups as Home Exercise Programme (HEP) after discharge.
Data collection
The participants' general evaluation was documented, and demographic data was collected ( Table 4 ). Measurement of pain on VAS was noted before the treatment. Both the groups received treatment from the researcher therapist until the day of discharge. On the day of discharge, ROM was measured. After 4 weeks of intervention, pain and ROM were re-evaluated. Assessment of the function using MLSS and TAL was performed.
Data analysis
Data was analysed using SPSS version 20, Windows 7 OS. Within group, analysis for pain on VAS for both the groups was done using the Wilcoxon sign ranked test and for ROM for both the groups was done using paired samples t test. Between group analysis for pain on VAS was done using the ManneWhitney U test and for ROM, it was done using Independent samples t test. Between group analysis for MLSS and TAL between both the groups was done using the ManneWhitney U test. 
Results
There were no statistically significant baseline differences in clinical parameters between the groups under study as seen in Table 5 . Seven participants from the rehabilitation group and eight participants from the core stability group did not follow-up. 60 participants were analysed ( Figure 1 ). Baseline characteristics for those who completed the intervention and follow-up were calculated.
At 4 weeks, a statistically significant improvement was noted in VAS and ROM (Table 6 ) in both the groups. The mean value of improvement in the total ROM of the rehabilitation group was 75.06 [95% confidence interval (CI) ¼ 81.5e68.6) and that of the core stability group was 66.4 (95% CI ¼ 73.4e59.4). There was no statistically significant difference noted in VAS, ROM, and TAL on between group analyses ( Table 7) . Mean difference in the total ROM between the groups was 8.67 (95% CI ¼ 0.62e18). Statistically significant result was obtained in the MLSS score on between group analyses. Table 6 shows statistically significant improvement in pain (p ¼ 0.001 in rehabilitation group; p ¼ 0.001 in core stability group) and ROM (p ¼ 0.001 in rehabilitation group; p ¼ 0.001 in core stability group) in both the groups, respectively. Postoperatively, immediately inflammatory process starts because of the surgical incision, and there is pain and joint effusion due to the inflammatory mediators. Muscle setting exercises help to improve the local circulation, which pumps nutrition and oxygen through blood. This washes out the inflammatory metabolites and contributes to reduction in pain.
Discussion
Cold therapy is known to decrease postoperative pain and improve ROM after immediate application over the painful operated joint. It also has its beneficial disinhibition effects on the quadriceps muscle, resulting in improved quadriceps contraction and extension ROM post arthroscopic knee surgeries. 24, 25 Active-assisted heel slides in the early rehabilitation phase with the patellar mobilisation also helps improve the ROM and prevent adhesions. 26 Therefore, optimal quadriceps contraction and medial-lateral and superior-inferior patellar mobility results in both improved extension and flexion ROM.
Bed side sitting allows the gravity to act on the limb and passively attributes to increase ROM up to 90 . Standing hamstring curls helps in gaining the active flexion ROM.
A statistically nonsignificant difference in pain and ROM between the groups (Table 7 : p ¼ 0.511 and p ¼ 0.067, respectively) suggests that lumbar core stability exercise has no additional effect on the experimental group in improving the pain and ROM. Gain in the ROM in both the groups can be attributed to the conventional exercise protocol. Statistically significant difference in the MLSS score (Table 7 ; p ¼ 0.038) suggests that lumbar core stability exercises have brought about the change in the MLSS functional scale. MLSS in the rehabilitation group showed a poor result, whereas a fair result in the core stability group was obtained. Core stability is an important component of every gross motor activity, and postural support is a prerequisite for initiation of voluntary extremity movements. This was proved by electromyographic studies, demonstrating that trunk muscle activity, specifically the transversus abdominis, occurs before the prime limb mover. 27, 28 This implies that there is a proper force generation and distribution in the kinetic chain and that core provides proximal stability for distal mobility. Medeni et al 29 compared the effects of core stabilisation exercises and conventional rehabilitation exercises in 16 weeks postoperative ACLR. They found a positive outcome in the core stabilisation exercise group in terms of single-limb postural stability compared with the conventional rehabilitation exercise group, and similar results for knee laxity, muscle strength, and functional tests were obtained. The results state that outcomes will be positive if core stability exercises are included in the rehabilitation protocol. In the present study, core stability is introduced in the early intervention and positive outcome has been noted in terms of function.
Manske et al 30 in a systemic review of the latest evidence regarding ACL rehabilitation, incorporated a phase-wise rehabilitation protocol starting from the immediate rehabilitation to more than 6 months postoperative rehabilitation and home-based rehabilitation as compared to the supervised therapy by physical therapist. The studies in the above systemic review suggested that home-based therapy may produce similar outcomes as clinicalbased programs. At the same time, it was stressed that ACL rehabilitation may not require the need for continuous supervision and it was counted as a safe and effective rehabilitation programme. In the current study too, the immediate postoperative rehabilitation was a supervised physiotherapy session until the patients were discharged from the hospital, post which they followed the HEP. Also, a fortnightly follow-up was maintained to monitor the function, patient education, and progression of the treatment plan.
Nonsignificant result in the TAL is suggestive that the core stability exercises did not bring about a change in the activity level of the individual. But it is worth mentioning here that the immediate postoperative phase is the maximum protection phase; therefore, a reduced level of activity was noted in both the groups.
Studies have shown that lower extremity injuries may diminish core stability measures and a pre-existing core deficiency may increase the risk of lower extremity injury implying a negative correlation of core stability with the incidence of ACL injury. It is suggested in the literature that identification of these deficits and appropriately addressing these individuals with intervention for diminished core stability measures may reduce the incidences of ACL injury and prepare these individuals for better functional performance. 12, 27 As noted in this study, lumbar core stability exercise programme showed a favourable result over conventional exercise programme post ACLR in terms of function. Therefore, the clinical implication would be the incorporation of core stability exercise programme in the rehabilitation post ACLR from the early postoperative phase itself.
Conclusion
In our study, we found that both the institutional rehabilitation protocol with or without additional core stability exercises helped in reduction of pain and improving ROM and the activity levels. Our study provides empirical evidence of use of core stability exercises in the rehabilitation protocol for improvement in the function. However, lumbar core stability exercise programme did not bring about any additional change in terms of pain, ROM, and TAL. The limitation of this study is that patients were given home exercise programme and advised to continue the same; however, a longterm follow-up was not within the scope of the study. This study invites scope for future research and urges the readers and researchers to perform similar studies to determine the effect of core stability post ACLR on various other outcome measures for correlating the pretreatment core stability level and the duration of injury, for correlating the pretreatment core stability level and occurrence of re-injury post ACLR with or without core stability training, and to perform studies with a larger sample size.
